Barley (Hordeum vulgare cv Prior) leaves converted L-U_'4C-arginine to labeled proline. Accumulation of radioactivity in proline was greater in wilted leaves, but only after 9 hours of incubation. As the increase in free proline was detectable after only 3 to 6 hours, it is likely that the observed stimulation of proline labeling represents a result rather than a cause of proline accumulation. Furthermore, the loss of total arginine during water stress was only 10 to 15% of the increase in proline. We condude that arginine probably contributes less than 1% of the carbon in the expanding proline pool of wilted barley leaves.
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Wilted leaves of certain plants accumulate quantities of free proline considerably greater than could be released through net protein breakdown (5) . Most of the accumulated proline must, therefore, be synthesized from other compounds during the period of water stress. Glutamic acid and arginine are likely precursors for water stress-induced proline synthesis, as either may be converted to P5C (Al-pyrroline-5-carboxylic acid) which is the immediate precursor of proline. While glutamate is clearly involved in proline synthesis during water stress (1, 3, 6) , the contribution of arginine has not been evaluated. Although leaf tissues typically contain little free arginine, the inexplicably low protein-arginine content of wilted Bermuda grass leaves (1) suggests that in at least some cases, arginine might contribute significantly to the build up of free proline that occurs during water stress. Experiments reported here were designed to clarify the involvement of arginine metabolism in the accumulation of proline by water-stressed barley leaves.
MATERIALS AND METHODS
Experimental procedures were as previously described (3) . Briefly, second leaves of 2-week-old barley plants (Hordeum vulgare cv Prior) were excised and allowed to take up radioactive precursor (L-U-_4C-arginine, 50 mCi/mol, obtained from Amersham/Searle and purified by elution from Dowex 50 in the ammonium form) in 4 ,1l aqueous solution. Stressed leaves were previously excised and wilted to 75 % of initial fresh weight, and not rewatered after uptake of radioactive material; turgid leaves were kept in vials of distilled H20 for the rest of the experiment. Radioactivity in soluble compounds was determined by liquid scintillation counting after extraction, chromatography, and autoradiography (3). Radioactivity in protein was determined after acid hydrolysis of the protein-containing fraction. Arginine was measured by a modified Sakaguchi reaction (4) on the basic amino acid fraction (8) . Proline was determined by Singh et al.
(7) after removal of basic amino acids with Dowex 50 (NH4,) (8) .
RESULTS AND DISCUSSION '4C-Arginine Feeding. Figure 1 A shows that at 9, 12, and 24 hr, wilted leaves contained more radioactivity in uncombined proline than did turgid leaves, implying some contribution of arginine carbon to the expanding proline pool. However, increased proline labeling was not evident before 9 hr of incubation, whereas the stress-induced accumulation of free proline was detectable as early as 3 hr after precursor feeding (Fig. 1B) .
In comparable experiments with '4C-glutamate ( proline labeling in wilted leaves was observed after only 2 hr of incubation. It is clear that although increased net conversion of arginine to proline does occur in wilted barley leaves, it cannot cause proline accumulation. On the other hand, proline accumulation could cause increased labeling of proline, as accumulated proline in wilted leaves could act as a trapping pool for 14C-proline formed from arginine. Alternatively, the increased radioactivity in proline in wilted leaves might follow from inhibition of proline oxidation during water stress (2) . Total Arginne and Proline Measurements. In other experiments, we have compared the loss in arginine during a period of water stress with the accumulation of proline. The bottom line of Table I shows that the total loss of arginine during a 12-or 24-hr period of drought (leaves wilted to 75% of initial fresh weight) could account for no more than about 10% of the proline accumulated. Since less than 10% of the arginine pool was converted to proline during periods of water stress comparable in severity and duration (Fig. 1A ), it appears that arginine could account for not more than 1% of the free proline carbon accumulated. As arginine is the only protein amino acid (other than glutamate) converted to proline without extensive rearrangement, this result strengthens the likelihood that proline accumulation is not due to an accumulation of amino acid residues released by net protein degradation during stress, but a new synthesis from glutamic acid (1, 3, 6 ).
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